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Abstract. The aim of this research was to evaluate the effect of different drying methods on 
industrially obtained lingonberry pulp juice by-products. For investigations, by-product was dried 
using hot air dryer (at temperatures 80   -vacuum dryer and 
freeze-dryer. The freshly defrosted by-product was used as control. All samples were analysed 
on the basis of their moisture content, colourimetric attributes (CIE L*a*b* colour system), 
content of vitamin C (iodometric method), content of total carotenes (TC), total phenol content 
(TPC), total anthocyanin content (TA) and antiradical activity (DPPH, ABTS+). 
The obtained data on content of vitamin C showed a 10% decrease between control and sample 
dried in hot air at 80 
amount was also foun in this sample (306.72  18.32 mg 100 g-1 DW). Total carotenes content 
was higher in freeze-dried sample (5.61  0.16 mg 100 g-1 DW) which was very close to control 
sample. A significant loss of total phenol content was noticed after drying, up to 80%, similar 
tendencies were noticed with changes of antiradical activity. After evaluating the obtained data, 
the use of hot air dryer at 80 
anthocyanins in lingonberry by-products, which makes this method unsuitable for drying by-
products of these berries. However, vacuum assisted microwave drying and freeze drying showed 
less damaging impact on dried material. 
 





Lingonberry (Vaccinium vitis-idaea L.), also known in English as partridgeberry, 
is a wild, perennial, evergreen dwarf shrub that has red edible berries. Berries from this 
plant are commonly used in Europe, especially the Northern hemisphere (Alam et al., 
2016; Alam et al., 2018). These berries have been considered to have health promoting 
properties, due to their biochemical content. Lingonberries are a great source of different 
phenolic substances, vitamins and minerals 
2013). Mainly their health benefits have been connected to the rich content of 
polyphenols that are secondary metabolites in plants that consist of one or more aromatic 
rings and hydroxyl groups. Polyphenols in plants and also human body are important, 
because they protect them from external factors such as pathogens and UV-radiation. 
Regular intake of dietary flavonoids can decrease the risk factors of cardiovascular 
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diseases and low-grade inflammation, polyphenols also are known to have positive 
effects on glucose homeostasis and they inhibit activation of platelets 
. Also it needs to be taken into 
consideration that environmental factors like growth place, light, humidity, UV radiation 
and post-harvest processing (storing, pressing, pasteurization, drying, etc.) are all 
contributing factors to polyphenolic content of berries . 
In Latvia, lingonberries are consumed in several ways, they can be eaten fresh, 
frozen and stored for winter, used as decorative element in confectionery, jams, jellies, 
alcoholic and non-alcoholic drinks. However, for wider use, these berries have a very 
intense sour and bitter taste, due to the high amounts of organic acids, especially citric 
acid, which leads to a pH below 4. There is also a high amount of sugars, but the 
sweetness is masked by acids (Viljanen et al., 2014). 
In food manufacturing the use of raw materials, including lingonberries as 
sufficiently as possible, is a very topical issue. There is a growing interest on creating 
new products from fruit waste products, which allows to utilize as much of the raw 
material as possible. One of the ways to process vegetable, fruit and berry by-poducts is 
to dry them. There are several food drying methods that could be potentially useful, 
however in this paper we will compare hot air drying (HAD), vacuum freeze-drying 
(VFD) and microwave-vacuum drying (MWVD). 
Food stuff drying is one of the oldest and most commonly known food processing 
methods that is based on evaporation of free and loosely-bound water from inside the 
solid material into atmosphere. One of the most known and widely used drying methods 
is hot-air drying (HAD) or convective drying. In this method, hot air, that has low 
relative humidity, meets the surface of drying material that transfers t inside the product 
primarily by conduction. Then the liquid migrates onto the material surface and is 
transported away by air convection (Karam et al., 2016). 
An alternative drying method to HAD is lyophilisation or freeze-drying (FD), this 
is a gentle dehydration method, which produces high-value dried products. This method 
is appealing because of its ability to maintain product colour, shape, aroma, nutritional 
value and overall quality. FD has two steps, in the first step product is frozen (-20 
and in the second step a controlled amount of heat (from -2 -10 
(VFD) or at atmospheric pressure (atmospheric freeze-drying) is applied to promote 
sublimation i.e. water change from solid to gas without passing through the liquid phase 
(Karam et al., 2016). Freeze drying can be carried out under vacuum, then heat will be 
supplied by surface heat exchange if required and evaporated moisture condensed on 
cold surface, but in case of atmospheric freeze-drying the product will be dried with air. 
Microwave-vacuum drying (MWVD) is a fairly new method that has been 
introduced to replace hot-air drying. The basis of this method is microwave drying 
(MWD), where the first stage of drying is a heating-up period in which microwave 
energy is converted into thermal energy inside the moist product and the product 
temperature increases with time. The second stage is a called a rapid drying period during 
which thermal energy is used for moisture evaporization and transfer. The last stage is a 
reduced drying rate period where the local moisture is reduced to a point that the energy 
needed for moisture vaporization is lower than the thermal energy induced by 
microwaves. Applying microwave energy under vacuum is suitable for heat-sensitive 
products like fruits, vegetables and berries. This is also a drying method with efficiency 
of more energy and improved product quality (Karam et al., 2016). 
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All three drying methods for this study were chosen for several reasons. HAD was 
chosen, because this is a very traditional and widely used drying method. VFD is much 
newer approach and in many other studies, VFD has been proven to be less damaging 
towards food stuff biochemical content and sensory qualities. MWVD is also a rather 
new drying method, but mostly gained attention because of its short product drying time. 
However, there is still little information found in literature about the influence of 
different drying techniques to the biochemical composition and quality of concrete 
products. Therefore, the aim of this research was to evaluate the effect of different drying 
methods on industrially obtained lingonberry pulp juice by-products. For this research 
the obtained by-product pulp was dried using HAD (80   
MWVD. To have more homogeneous samples, the dried samples were made into 
powders before analysis on moisture content, colour, and content of vitamin C, total 
carotenes, phenols, anthocyanins and antiradical scavenging activity. A frozen 
by-product (skin, seeds, etc.) was used as control. 
 
MATERIAL AND METHODS 
 
Sample preparation 
Lingonberry (Vaccinium vitis-idaea) by-product as pulp was obtained from a local 
2017, but the by-product drying and analysing was done in November 2017 in Latvia 
University of Agriculture, Faculty of Food technology, Jelgava. The overall research 
plan can be seen in Fig. 1. 
Lingonberry by-product (seeds, skin etc.) was obtained from industrially prepared 
lingonberry pulp juice as shown in Fig. 1 and stored frozen at -20  2 
before drying and further testing. 
For by-product drying, the 
obtained material was defrosted and 
divided into six parts. To each part a 
different drying method was applied 
and one was left as a control sample for 
comparison of data. Depending on 
drying method, abbreviations were 
used to identify all of the samples that 
can be seen in Table 1. 
Hot air drying (HAD) of by-
 
 




Control no drying applied  
(defrosted lingonberry by-products) 
HAD80 hot air drying at 80  
HAD60 hot air drying at 60  
HAD40 hot air drying at 40  
VFD vacuum freeze-drying 
MWVD microwave-vacuum drying 
 
Universal Oven UF55 (Memmert, Germany) where by-products were dried at 80  for 
6 h and 60  for 12 h and UF160 (Memmert, Germany) by-products dried at 40  for 
16 h. The end point for product drying was based on personal experience, touch and 
visual product observation. By-product drying was stopped when material reached the 
appropriate degree of dryness for the production of powder. 
Vacuum freeze-drying (VFD) was done using vacuum freeze-dryer FT33 
(Armfield Ltd, Ringwood England). Sample was frozen in air freezer at -22  2 
temperature before drying. The temperature in condensation chamber was up to -40 







































Figure 1. Overall research plan. 
 
Microwave- -
Russia). The necessary amount of microwave energy (magnetron minutes) was 
calculated using empirical formulas when the initial moisture of the product is known 
(78%) and the final is estimated (8%) (Dorofejeva et al., 2011). For sample drying one 
cycle with four stages was carried out. The number of magnetrons was decreased along 
the drying process with subsequent doses, starting at 4 magnetrons and 50 doses, 
following by 3 magnetrons and 30 doses, 2 magnetrons and 13 doses and finally 
1 magnetron 10 doses. The pressure in dryer was from 7.466 kPa to 9.332 kPa, cylinder 
rotation speed was 6 rpm. 
Lingonberry sorting 
Heat treatment in a screw type heat exchanger (33  2   1 min) 
Treating through one-step rotation sieve (0.5 mm sieve) 
By-product (skin, seeds etc.) Juice with pulp 
Freezing (-20  2  
Defrosting (in air (18  2  h)  
MWVD (4 magnetrons, 
103 doses) 
HAD (at 80  h, at 60 for 
12 h, at 40  h) 
Vacuum packaging 
Grinding into powder 
VFD (condensation chamber -40 




Vitamin C  
Total carotenes (TC) 
Total phenols (TPC) 
Total anthocyanins (TA) 
Antiradical activity DPPH and ABTS+ 
Control (defrosted by-product) By-product (seeds, skin etc.) drying 
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All dried samples were vacuum-packaged to protect from air moisture absorption 
and for analysing purposes milled into powder to create a more homogenous sample. For 
were milled for 10 s and kept in LDPE zipped bags. A frozen by-product pulp was used 
as control and all samples were analysed on their moisture content, colour, and content 
of vitamin C, total carotenes, total phenol content, total anthocyanins and antiradical 
activity. 
 
Chemicals and reagents 
The chemical analyses of tested samples were carried using the following 
chemicals and reagents. Oxalic acid dehydrate (126.07 g mol-1), L(+)-Ascorbic acid 
(176.13 g mol-1), Petroleum ether 80/110, Potassium dichromate, Hydrochloric acid 
35-38% (36.46 g mol-1), Sodium carbonate anhydrous (105.99 g mol-1), Potassium 
persulfate (270.33 g mol-1), Potassium chloride (74.56 g mol-1), Sodium chloride 
(58.44 g mol-1), di-Sodium hydrogen phosphate anhydrous (141.96 g mol-1), Potassium 
phosphate monobasic (136.09 g mol-1) and Sodium hydroxide 0.1 N (40.00 g mol-1) 
were purchased from Chempur (Poland). Iodine concentrate (0.05 mol L-1) FIXANAL 
was obtained from Fluka Analytical, Sigma-Aldrich (Poland), Starch powder, soluble, 
ACS (for iodometry) was purchased from Alfa Aesara GmbH & Co KG (Germany). 
2,2-Diphenyl-1-picrylhydrazyl was purchased from Sigma-Aldric (Germany), 
-6-Hydroxil-2,5,7,8-tetra -methylchfomane-2-carboxylic acid was purchased from 
Sigma- -Azino-bis (3-ethylbenzothiazoline-6-sulfonic 
-Aldrich (China). 
Folin-Ciocalteu, phenol reagent was obtained from Scharlau (Spain), Gallic acid, 98% 
was purchased from Acros Organics (Belgium). Additional solvents as ethanol (96%) 
and ultra pure water were provided by Latvia University of Agriculture (Latvia, Jelgava). 
 
Determination of moisture content 
Content of moisture in all samples was determined accordingly to standard 
ISO 6496:1999. For moisture content detection to control (defrosted) sample 
approximately 5 g was used, for dry samples 2 g of milled sample each in two 
 
checking the weight changes during drying process by weighing the sample until 
minimal changes can be observed. Weight loss was used to calculate the moisture 
content of the sample. 
 
Determination of vitamin C 
Content of vitamin C was determined according to the iodine method as described 
by Kerch et al. (2011) with some modifications. This method is based on determination 
of L-ascorbic acid, the reduced form of ascorbic acid. A sample of 25 g for defrosted 
sample and 5 g for dried, milled samples were poured with 100 mL of 6% solution of 
oxalic acid, homogenized for 1 min, and filtered. Then, 2 mL of 1% solution of starch 
was added to 10 mL of filtrate and the filtrate was titrated with 0.05 n iodine solution 
until change of colour, which does not disappear during 30 s. For standard solution of 
ascorbic acid, 20 mg of ascorbic acid was dissolved in 100 mL of the same 6% oxalic 
acid solution, 2 mL of the same 1% starch solution was added to 25 mL of the standard  
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solution and the mixture was titrated. The content of ascorbic acid expressed in 
milligrams per 100 g DW of product was calculated using Eq. (1), on the basis of four 







000,5  (1) 
where Vsample  volume of the iodine solution titrated in a sample, mL; Vstandard  volume 
of the iodine solution titrated in a standard solution, mL; m  the amount of sample, g. 
 
Determination of total carotenes 
For total carotene determination, a spectrophotometric (UV/VIS spectrophotometer 
Jenway 6705 (Bibby Scientific Ltd., UK)) method described by Kampuse et al. (2015) 
with modifications was used. A sample of 2 g for control and 1 g for dried, milled 
samples was mixed with 20 mL of ethanol and mixed on a magnetic stirrer for 15 min. 
Further 10 mL of pure water was added to dried samples, to ensure layer formation, and 
stirred for 10 min after which, 25 mL of petroleum ether was added and stirred for an 
hour. The absorption of oil layer was measured at 440 nm. The content of TC expressed 
in milligrams per 100 g-1 DW was calculated in three replications (Ozola et al., 2017). 
 
Determination of total anthocyanins (TA) 
Total anthocyanin content was determined by spectrophotometric method 
described by Kerch et al. (2011) with some modifications. A sample of 5 g for control 
and 1 g for dry samples was mixed with 40 g of ethanol and 1.5 M HCl solution (85 : 15 
by volume) and homogenized for 1 min. Then the sample was filtered, and filtrate 
volume measured. TA where detected on spectrophotometer Jenway 6705 at 540 nm. 
The sample was diluted until absorption was between 0.6 and 0.8. The content of TA 







where A  absorbance, expressed as absorbance units; v  volume of filtrate, mL; 
d  dilution degree; m  sample weight, g. 
Measurements were carried out in two replications (Ozola et al., 2017). 
 
Determination of total phenol content 
The detection of total phenol content was achieved according to the Folin-Ciocalteu 
method (Yu et al., 2003) with modifications. A sample of 2 g for control and 1 g for dry 
samples was used for extract preparation. To 0.5 mL of extracted sample 2.5 mL of 0.2 N 
Folin-Ciocalteu reagent that has been diluted ten times with pure water was added. After 
5 min 2.0 mL of 7.5% NaCO3 was added, the resulting solution was mixed and allowed 
to stand for 30 min at 18  1 (Priecina & Karklina, 2014). Absorption 
was read at 765 nm using JENWAY 6300 (Banoworld Scientific Ltf., UK) 
spectrophotometer. Measurements were carried out in six replications from two 
separately weighed samples, the obtained data were expressed as gallic acid mg 
equivalent (GAE mg 100g-1 dry sample) (Ozola et al., 2017). 
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Determination of antiradical activity (DPPH) and radical scavenging activity 
(ABTS+)
The antiradical activity of extracts was measured on the basis of  scavenging 
activities of the stable 2,2-diphenil-1-picrylhydrazyl-(DPPH) free radical (Yu et 
al., 2003) with modifications. To 0.5 mL of extracted sample, 3.5 mL freshly made 
DPPH solution was added; the mixture was shaken and kept in the dark place at 
18  1  min; absorbance was measured at 517 nm using JENWAY 6300 
spectrophotometer, measurements were carried out in six replications from two 
separately weighed samples. For the quantitative expression of antiradical activity, the 
Trolox equivalent of 6-Hydroxil-2,5,7,8-tetra-methylchfomane-2-carboxylic acid was 
used. A Trolox calibration curve was created and, using the red-out absorbance, the 
antiradical activity was expressed as mg Trolox 100 g-1 per dry sample (Priecina & 
Karklina, 2014; Ozola et al., 2017). 
The radical scavenging activity of extracts was also measured by ABTS+ radical 
-azino-bis 
(3-ethylbenz-thiazoline-6-sulfonic) acid (ABTS) (2 mM) was prepared by dissolving in 
50 mL of phosphate buffered saline (PBS) obtained by dissolving 8.18 g sodium chloride 
(NaCl), 0.27 g potassium dihydrogen phosphate (KH2PO4), 1.42 g sodium phosphate 
dibasic (Na2HPO4) and 0.15 g potassium chloride (KCl) in 1 L of ultra pure water. If the 
pH was lower than 7.4, it was adjusted with sodium hydroxide (NaOH). Ultra pure water 
was used to prepare 70 mM solution of potassium persulfate (K2S2O8). ABTS+ radical 
cation was produced by reacting 50 mL of ABTS stock solution with 0.2 mL of K2S2O8 
solution and allowing the mixture to stand in the dark at room temperature (18  1 ) 
for 15 16 h before use. The ABTS+ radical was stable in this form for more than 2 days 
when stored in these conditions. For the assessment of extracts, the ABTS+ solution was 
diluted with PBS to obtain an absorbance of 0.800  0.030 at 734 nm. 5 mL of ABTS+ 
solution were mixed with 0.05 mL of extract. The absorbance was read at ambient 
  min. PBS solution was used as a blank sample. For both 
types of antiradical scavenging activity determination, the obtained data were expressed 
as millimolar Trolox equivalents per 100 g-1 DW of sample (Tomsone et al., 2012). 
 
Colour analysis 
Sample colour was determined using colour analyser ColorTec-PMC (Accuracy 
Microsensors, Inc, New York, USA) that captures the reflected light of the object. In this 
study the L*a*b* colour system was used, developed by CIE (International Commission 
for Lighting and Ilumination) 1976 version (Mokrzycki & Tatol, 2011). 
The CIE L*a*b* system is based on opponent colour model: L* black/white, 
describes overall colour intensity, where 0 means black, and 100 is the maximum light 
intensity; +a*/-a* red/green; +b*/-b* -yellow/blue (Mokrzycki & Tatol, 2011). 
by Eq. (3): 
 (3) 
where E  absolute colour difference; L*  a*  red and 
green colour differen b*  yellow and blue colour difference (Mokrzycki & Tatol, 




differences between the results were analysed using one-factor ANOVA followed by 
Tukey-Kramer method, The linear correlation analysis was performed to determine the 
relationship between TPC, DPPH and ABTS, and between colour analyses factor a* and 
total anthocyanin content. The obtained results were presented as their means with 
standard errors. Differences among results were considered to be significant if P < 0.05 
(Ozola et al., 2017). 
 
RESULTS AND DISCUSSION 
 
Sample moisture content 
The obtained data on dried lingonberry by-product moisture content showed that 
before drying on average it was 78.8% per 100 g of product (w/w), but after drying the 
least proportion of moisture was detected in hot air dried samples (HAD80 and HAD60 
mainly), where it was approximately 1.8% (w/w). The moisture content of sample 
HAD40 on average was 3.8% (w/w), in sample that was vacuum freeze-dried (VFD) 
approximately 4.6% (w/w), but the highest moisture content 8.6% (w/w) was detected 
in sample MWVD. The detected moisture in samples show that by using HAD at higher 
temperatures such as 80  mple with lower moisture than all of 
the other tested drying methods. HAD is a much more invasive product drying method 
due to the higher temperatures and prolonged drying time (Karam et al., 2016). These 
conditions and the fact that the dried material was shredded might have influenced the 
higher water loss. This type of dried material has a larger surface, the cellular structure 
was mechanically damaged and therefore could increase the evaporation of water. 
 
Content of vitamin C, total carotenes and total anthocyanins 
The obtained data on content of vitamin C did not show any large differences 
overall, however significant differences between some samples were detected P < 0.05. 
In the control sample, there was 79.4  2.5 mg 100 g-1 DW of vitamin C, which was very 
close to content of vitamin C in dried samples (Table 2). However significant differences 
were detected between HAD80 and all other samples. By-product hot air drying at 80 
significantly decreased the amount of vitamin C in dried sample (72.1  4.5 mg 100 g-1 
DW). Although the vitamin C content had only decreased by 10%, these findings are 
consistent with other researcher data showing from 20% to 60% depletion of vitamin C 
for several agricultural materials (Karam et al., 2016). When evaluating other samples 
no significant difference were detected within the changes of vitamin C depending on 
drying method of lingonberry by-products. These findings are consistent when analysing 
the obtained data from freeze-drying and microwave drying treatments, but less common 
with hot air drying. However Ali et al. (2016) in their research have found that not only 
freeze-drying and microwave 100 W drying, but also oven dried at 80 
slices had retained a relatively high amount of vitamin C. Ali et al. (2016) concludes that 
drying temperature and drying time are key parameters which directly affect the vitamin 
C concentration in guava. Despite the fact that with lingonberry by-product hot air drying 
at 80 
temperature and prolonged drying time had less damaging effect on vitamin C content 
during drying at 40   
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When analysing the data on TC and TA, some differences were noticed in 
comparison to content of vitamin C. The highest total carotene (Table 2) content was in 
control sample (5.83  0.24 mg 100 g-1 DW), but after drying a significant decrease 
(P < 0.05) was noticed for all drying methods except for vacuum freeze-drying 
(5.61  0.16 mg 100 g-1 DW). HAD at 80  
approximately 23% and on average 33% decrease in total carotene content was in sample 
HAD60 and MWVD. 
Although by-product drying at 80 P < 0.05) TC 
content then drying at 60 
results. Moreover the statistical analyses showed no significant differences between 
HAD80 and HAD40, and between HAD60 and HAD40 (Table 2.) 
 
Table 2. Content of vitamin C, TC and TA in lingonberry by-product powders 
Sample 
Vitamin C 
(mg 100 g-1 DW) 
Total carotenes 
(mg 100 g-1 DW) 
Total anthocyanins 
(mg 100 g-1 DW) 
Control abcd a 566  
HAD80  b a 
HAD60 aefg cd abc 
HAD40 behj bce bde 
MWVD cfhk de df 
VFD dgjk a 39 cef 
Mean values in each column followed by different letters do not have a significant difference according to 
Tukey-Kramer method (P < 0.05). 
 
Considering the difference in sample preparation before testing could explain the 
lack of significant difference in content of vitamin C and TC. Control was more of a 
heterogeneous mass in comparison to dried materials, which were pulverized and thus 
making them more of a homogenous sample therefore depicting the content of vitamin 
C and TC in analysed samples more precisely. In addition, control did not have any pre-
treatment before analysing so this could allow for further enzymatic activity continuing 
decreasing the amount of vitamin C until sample was analysed. 
The content of total anthocyanins (Table 2) also showed a significant decrease after 
drying (P < 0.05). The highest content of TA after drying was in sample MWVD 
(412.8  7.2 mg 100 g-1 DW) which was 27% less than in control sample. Also a relatively 
high content of TA was found in samples HAD40 (387.5  5.0 mg 100 g-1 DW) and 
VFD (396.2  3.4 mg 100 g-1 DW) showing no significant difference P < 0.05, 
corresponding to 45% decrease in sample HAD80 (306.7  18.3 mg 100 g-1 DW). 
When comparing the obtained data with literature it has been observed that 
depending on the product there have been found occasions where carotenoid compounds 
(lycopen in particularly) were heat-stable, even after severe heat treatment, but in other 
author researches around 19% of TC decrease had been noticed after air-dried carrot 
slices, paprika and sweet potatoes (Karam et al., 2016). Not only vitamin C and TC, but 
also total anthocyanins are highly unstable compounds and changes of these compounds 
can differ from the product to which drying has been applied. Drying at low temperature 
might not be effective to inactivate enzyme or might take longer time to inactivate the 
enzymes which are responsible for the anti-oxidative properties such as ascorbic acid, 
1790 
carotenoid and TPC degradation (Sehrawat et al., 2018), and this could potentially 
explain the TC changes in lingonberry-by product when HAD was applied. 
When looking at the obtained data Table 1 it can be clearly seen that there is a 
tendency of TA decrease when the drying temperature increases (Ruse et al., 2011). 
Overall Sehrawat et al. (2018) when drying mango cubes detected higher bioactive 
compound retention. Oxygen deficient environment had provided a better protective 
effect form oxidative loss of bioactive compounds as compared to HAD (Sehrawat et 
al., 2018), these findings are also applyable with our research on lingonberry by-product 
drying. 
Overall according to the obtained data hot air drying at 80 
on degradation of vitamin C and total anthocyanin content. The most suitable drying 
method for beather retention of TC proved to be VFD, but lingonberry by-product 
MWVD showed the highest content of vitamin C and TA. 
 
Total phenol content, DPPH and ABTS+ 
The lingonberry by-product powder TPC as shown in Fig. 2. in control sample was 
very high but after drying the obtained data showed an average decrease of 80% with no 




Figure 2. Total phenol content in lingonberry by-product samples (GAE mg 100 g-1 DW). 
 
Similar tendencies to TPC were also noticed with antiradical activity, supported by 
r = 0.9977 between TPC and DPPH. 
Also a strong correlation of r = 0.8585 was found between TPC and ABTS+, and DPPH 
and ABTS+ (r = 0.8628). 
Overall a 60% decrease in antiradical activity was found in all lingonberry-by 
product powders (Table 2) compared to control (P < 0.05), this was also significantly 
evidenced from ABTS+. Slight difference in DPPH was found between HAD80 
(232.67  12.30 mM TE 100g-1 DW) and HAD60 (210.14  13.21 mM TE 100g-1 DW). 
The lowest radical scavenging activity was detected in hot air dried samples 
(HAD80; HAD60 and HAD40). In sample HAD80 radical scavenging activity had 
significantly decreased in comparison with control sample, where it was 
274.76  12.38 mM TE 100 g-1 DW (Table 3). However vacuum freeze-drying showed 
6,815.42





























to be less invasive (215.99 8.06 mM TE 100 g-1 DW). Although strong correlation was 
found between DPPH and ABTS+, the radical scavenging activity showed more 
significant differences between dried samples in comparison to DPPH (Table 2). No real 
differences (P > 0.05) between samples were found when comparing HAD80 to HAD60, 
also between HAD60 and HAD40, HAD40 and MWVD, and MWVD compared to FVD. 
 
Table 3. Content of DPPH and ABTS+ in lingonberry by-product powders 
Sample DPPH (mM TE 100g-1 DW) ABTS+ (mM TE 100g-1 DW) 
Control   
HAD80 abc a 
HAD60  adef  ab 
HAD40  dgh 0 bc 
MWVD begi cd 
VFD cfhi d 
Mean values in each column followed by different letters do not have a significant difference according to 
Tukey-Kramer method (P < 0.05). 
 
(Ek et al., 2006) in their research found 28 phenolic compounds, that included 
flavonols, anthocyanidins, catechins and their glycosides, and different caffeoyl and 
ferulic acid conjugates. Although it was not expected from this study to detect such high 
depletion of TPC after drying it has been reported before that polyphenolics are heat 
sensitive and prolonged heat treatment causes irreversible chemical changes to phenol 
content . Other contributing factors may include polyphenol binding 
with other compounds, alterations in their chemical structure, activity of polyphenol 
ocidase, organic acid content, sugar content and product pH . 
When evaluating antioxidant activity with DPPH and ABTS+ in plant materials it 
is possible to obtain varying results. This happens, because of their different working 
mechanisms of the two assays (Shalaby & Shanab, 2013). DPPH is a stable free radical 
with an absorption band at 515 nm that is lost when reduced by an antioxidant or a free 
radical species. But ABTS+ assay measures the relative ability of antioxidant to scavenge 
the ABTS generated in aqueous phase, as compared with a Trolox standard (Shalaby & 
Shanab, 2013). 
ABTS+ is also known to be useful to determine antioxidant activity of both 
- -carotene) and hydrophilic antioxidants in various matrices. 
Also reacting rapidly with antioxidants over a wipe pH. However DPPH interactions 
between antioxidants are also determied by theyr structural conformation and reaction 
time with DPPH (Martysiak- owska & Wenta, 2012). 
In a different study by Michalska et al. (2017), it was also noticed that prolonged 
exposure to oxygen can considerably affect the compound radical scavenging activity 
with assay ABTS+, which was noticed when comparing, HAD samples with MWVD and 
VFD samples where samples were dried in assistance of vacuum. Also Correia et al. 





Dried lingonbery by-products were mild into powder and their colourimetric 
properties were measured (Fig 3.) The obtained data on dried powder analysis showed 
that there is a slight significant difference in L* factor value and therefore sample 
MWVD was darker in comparison to HAD80 and VFD. When calculating hue angle 
values and placing them on CIE L*a*b* 1976 colour wheel the dominant colour for all 
samples was light red. 
The distinct red colour in lingonberries is created by anthocyanins, however 
compairing lingonberry-by product powder colour analysis factor a* value and total 




Figure 3. Dried lingonbery by-product colour analysis (CIE L*a*b). Mean values in each row 
followed by different letters do not have a significant difference according to Tukey-Kramer 
method (P < 0.05). 
 
Mokrzycki & Tatol (2011) described how mathematically it would be possible to 
determine colour perception and analyse if two samples are different in colour and 
whether human eyes are able to distinguish them. In CIE L*a*b* system the perceptual 
 4.) where:  
0 <  
1 <  < 2 only experienced observer can notice the difference;  
2 <  < 3.5 inexperienced observer also notices difference;  
3.5 <  < 5 there is a clear difference in colour and it is noticeable;  
5 < (Mokrzycki & Tatol, 2011). 
 
Table 4. Dried lingonberry by-product powder absolute colour difference 
Sample     
HAD80    
 
HAD60 2.4   
 
HAD40 3.3 1.2  
 
MWVD 3.2 4.1 4.4  
VFD 5.0 3.2 2.7 4.7 
 




18.4 bc 19.4 bd
16.3 ac
20.5 d













results can be seen in Table 4. The results show that there is no noticale difference 
between sample HAD60 and HAD40 colour, because absolute colour ddifference 
between both 
between HAD80 and VFD also between samples HAD60 and MWVD, HAD40 and 
MWVD, MWVD and VFD, because 3.5 <  < 5. The data coincide with information 
given in Fig. 3, where microwave-vacuum dried sample is noticeably darker and VFD 




In conclusion, of this research it is very difficult to unambiguously advice the most 
suitable drying method for drying lingonberry pulp juice by-products due to the 
inconsistencies of the results and lack of significant differences between the used drying 
methods. 
By-product drying at 80 
anthocyanin content. More suitable drying methods where vacuum assisted microwave 
drying and freeze-drying that resulted in better retention of total carotenes, total 
anthocyanins and vitamin C content. 
After by-product drying an 80% degradation of total phenol content was detected 
which strongly correlated with antiradical activity (DPPH) r = 0.9977 and radical 
scavenging activity (ABTS+) r = 0.8585. Because phenols are heat sensitive, drying 
might have caused changes in their chemical structure, organic acid, sugar content, pH 
etc. therefore reducing TPC in dried samples, however no significant differences were 
detected between dried samples (P > 0.05). 
Vacuum assisted drying methods also showed slightly better retention of DPPH and 
ABTS+. Similarly, to TPC sample, antiradical activity showed no significant differences 
between used drying methods, but the highest radical scavenging activity was 
determined in VFD in contrary the lowest was found in HAD80, however no significant 
difference was found when compared to HAD60. 
In reference to the findings it is possible to say that hot air drying at 80 
the most suitable method for lingonberry by-product drying, however vacuum assisted 
freeze-drying could be suggested due to the highest retention of vitamin C, total 
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